ABSTRACT. The pathogenicity of 47 isolates of Sclerotinia sclerotiorum from oilseed rape (Brassica napus L.) in Anhui, China, was tested by detached leaf inoculation using the susceptible rape cultivar Wanyou-14. All isolates were pathogenic to the cultivar and could be grouped into 3 categories based on the lesion length on the leaves tested: weak pathogenicity type, intermediate pathogenicity type, and strong pathogenicity type. This suggested that there was differentiation in the pathogenicity among the strains tested of S. sclerotiorum. Additionally, the intraspecific DNA polymorphisms among 47 strains of S. sclerotiorum were investigated by screening 40 pairs of inter-simple sequence repeat (ISSR) primers. Unweighted pairgroup method with arithmetic average cluster analysis of these ISSR data distinguished all strains from each other and revealed considerable genetic variability among them. These strains were classified into 7 clusters according to their branching in the dendrogram, and partial Sclerotinia sclerotiorum genetic diversity on rapeseed correlation was observed between the genetic polymorphisms and the pathogenicity of S. sclerotiorum strains.
INTRODUCTION
1994), can produce highly reproducible polymorphic bands, similar to the AFLP technique but a simpler method that costs less than that using AFLP (McGregor et al., 2000) . ISSR molecular markers have been successfully used to determine the genetic variability of different phytopathogenic fungi, such as Phytophthora capsici (Li et al., 2012) , P. cactorum (Hantula et al., 2000) , Macrophomina phaseolina (Jana et al., 2005) , and Fusarium oxysporum f. sp. radicis-lycopersici (Balmas et al., 2005) . ISSR is more advantageous than other techniques in showing intraspecies and interspecies differences (Arslan and Tamkoç, 2011) . In this report, the ISSR assay was used to develop molecular markers to reveal the genetic diversity and pathogenesis differentiation of S. sclerotiorum populations on oilseed rape.
MATERIAL AND METHODS

Strains and cultivation
Forty-seven strains of S. sclerotiorum were isolated and collected from oilseed rape cultivated in areas of Anhui Province (Table 1 ) and were stored in the Fungal Laboratory of Anhui Agricultural University. Strains were inoculated on potato dextrose agar medium. Two pieces of fresh fungal mycelium plugs from each of the isolates tested were then inoculated in potato dextrose broth liquid medium and kept at 25°C with shaking at 150 rpm for 7 days. The mycelia were harvested by filtration through sterile Miracloth and were stored at -20°C for later use.
Pathogenicity tests
The in vitro pathogenicity tests were performed with a susceptible rapeseed cultivar, Wanyou-14, according to Huang and Li (2009) . The upper healthy leaves with similar sizes were collected in the early flowering stage of rapeseed and then placed on Petri dishes (9 cm) with a wet absorbent paper on the bottom to maintain moisture. Fresh hyphal plugs (5 mm in diameter) were inoculated on the detached rape leaves, with 2 hyphal plugs at the 2 sides of the main vein on each leaf. Eight leaves were inoculated for each strain. The inocula were kept at 25°C with a 12-h photoperiod, and the disease lesion diameters were measured 72 h after inoculation. The pathogenic tests were repeated 3 times. The experimental data were analyzed by analysis of variance (SAS 8.1), and the pathogenicity of the isolates tested of S. sclerotiorum was evaluated based on the average lesion diameters on inoculated plants (Huang and Li, 2009 ).
Reagents and primers
Taq DNA polymerase was from Takara Bio. Inc. (DR100A; Dalian, China) and Sangon Biotech Co., Ltd (ET-101; Shanghai, China). dNTPs and DNA marker were from Sangon Biotech Co., Ltd. Forty ISSR primers, offered by the University of British Columbia from 100 ISSR primers (http://www.michaelsmith.ubc.ca), were selected for further analysis based on the characteristic DNA repeat sequences in plant pathogenic fungi.
stored at 4°C for 16 h and then was stored at -20°C. The DNA samples were quantified at 260 nm and 280 nm using a spectrophotometer. The light-absorption value was checked between 1.7 and 2.0 to examine the purity of DNA. The final concentration of each DNA sample was diluted to 50 ng/μL. 
ISSR-PCR system
ISSR-PCR was performed in a total volume of 25 μL containing 0.20 μL 0.5 units/ μL Taq DNA polymerase, 0.1 μL 10 μM primer, 1.20 μL 2.5 mM dNTPs, 0.5 μL 50 ng/ D.F. Xu et al.
μL DNA, and 2.5 μL 10X buffer (Mg
2+
). Amplification was conducted for an initial step of denaturation for 5 min at 94°C; 35 cycles of denaturation for 30 s at 94°C, 60 s at an appropriate annealing temperature, and extension for 60 s at 72°C; and a final extension step of 10 min at 72°C. Amplified products were separated on 2% agarose gels in Tris-borateethylenediaminetetraacetic acid buffer and stained with ethidium bromide.
Data scoring and analysis
The PCR fragments were scored for the presence (1) or absence (0) of homologous bands. The matrices of the ISSR genotypes were assembled and used in the statistical analysis. Using Jaccard's coefficient, a cluster analysis was performed from the similarity data to construct a dendrogram with the unweighted pair-group method by arithmetic average (UPGMA) matrices. The numerical taxonomy and multivariate analysis system (NTSYS-PC V.2.1) program package for personal computer (Rohlf, 2000) was used for the statistical analysis of the data.
RESULTS
Pathogenicity tests
The pathogenicity of S. sclerotiorum isolates from oilseed rape was determined on the susceptible rape cultivar Wanyou-14 by detached leaf inoculation. The lesion lengths caused by the isolates on the leaves tested were measured 3 days after inoculation, and the isolates could be grouped into 3 categories based on the lesion length on the leaves tested: weak pathogenicity type (0 to 1.0 cm), intermediate pathogenicity type (1.1 to 3.0 cm), and strong pathogenicity type (>3 cm) ( Table 1 ). The results showed that all S. sclerotiorum strains tested could infect the leaves of rape, but there were obvious differences in lesion expansion. Such differences suggested that the tested strains of S. sclerotiorum had differential pathogenicity. The results also showed that different strains from the same geographical origin had different pathogenicity, while the strains with the same pathogenicity type might be from different geographical origins. This suggested that the pathogenicity of S. sclerotiorum strains was not related to their geographical origins.
ISSR analysis
ISSR analysis was carried out using 40 primers, and then 12 primers with rich polymorphisms and differences were screened to detect polymorphisms of these 47 strains of S. sclerotiorum. Two examples of the banding profiles of DNA of isolates using primer P59 and primer P15 are shown in Figures 1 and 2 , respectively. In total, 136 distinct bands, which were consistent in repeated amplifications, were amplified using the DNA from all isolates. One hundred twenty-five polymorphic bands were obtained that ranged in size from 0.1 to 2 kb. The proportion of polymorphic bands ranged from 83% (UBC866) to 100% (UBC807, P9, and P10), with an average proportion of 92%. The number of ISSR fragments produced per primer varied between 6 and 17, with an average of 11 bands per primer. The steady polymorphic bands were produced by 12 primers (Table 2 ). (Table 1) . ISSR-PCR amplification electrophoresis was done on 2% (w/v) agarose gels at 100 V for 2 h and stained with ethidium bromide. (Table 1) . ISSR-PCR amplification electrophoresis was done on 2% (w/v) agarose gels at 100 V for 2 h and stained with ethidium bromide. Table 2 . Properties of ISSR primers used for amplification of Sclerotinia sclerotiorum isolates on oilseed rape in the study of genetic diversity in Anhui Province of China.
ISSR cluster analysis
Using the amplification of 136 spectral bands with 12 ISSR primers, the genetic similarity coefficients of strains of S. sclerotiorum of rape were calculated using NTSYS2.1, and dendrograms of strains were constructed by UPGMA analysis. The genetic similarity coefficients ranged from 0.56 to 0.91 (Figure 3 ). When genetic similarity coefficient was 0.81, the strains tested were divided into 7 clusters. Cluster I comprised 6 strains from 4 different geographical origins. Though the 6 strains had different geographical origins, they clustered together. Especially for strains 22 (XJDB8) and 27 (SX-6), the geographic origins of the 2 strains were relatively far from each other, but their genetic similarity were the highest (0.91). Additionally, these 2 strains were the strong pathogenicity type. Cluster II grouped 5 strains from 3 different geographical origins. Although the strains were from 3 different geographical origins, they had a similar pathogenicity (intermediate pathogenicity type). Cluster III included 2 strains, 31 (LJE-1-3) and 45 (NL-1), which were from different geographical origins but were both the strong pathogenicity type. Cluster IV and cluster V comprised 10 and 11 strains, respectively. There were 7 and 8 different geographical origins in cluster IV and V, respectively. However, the pathogenicity of strains in cluster IV tended to be the intermediate pathogenicity type, and that of cluster V tended to be the strong pathogenicity type. Cluster VI was composed of strains 37 (WWB8) and 42 (XC-1), which were from different locations, and they were the strong pathogenicity type. Finally, cluster VII grouped 2 strains, 4 (NGC1) and 6 (NGB-1-1). One was the strong pathogenicity type and the other was the intermediate pathogenicity type. As a whole, strains of the same region were divided into different branches, which explained why the ISSR polymorphisms of strains of S. sclerotiorum had no significant correlation with their geographical origins. The strains of the same pathogenicity were nearly clustered together; therefore, the polymorphisms of strains of S. sclerotiorum were partly correlated with their pathogenicity (Table 1, Figure 3) . UPGMA cluster analysis of the data from DNA amplification of 47 isolates of Sclerotinia sclerotiorum from oilseed rape with ISSR. The number 1, 2, 3, ……, 47 stands for isolate 1, isolate 2, isolate 3, ……, and isolate 47 in turn, respectively (Table 1) .
DISCUSSION
Researchers have performed several studies evaluating the artificial inoculation of S. sclerotiorum and its correlation with disease incidence in the field. In the greenhouse, the results of the inoculating method of detached leaves were notably correlated with disease incidence (Wegulo et al., 1998) . Results from this method were also moderately correlated with disease incidence in the field (Kim et al., 2000) . This research used the detached leaf inoculation method with an accordant inoculum size and site, and the external conditions, especially weather, had little influence. Therefore, the pathogenicity was evaluated by the lesion size that was caused by different strains of S. sclerotiorum. The lesions that were caused by 47 strains varied in size, which indicated different levels of pathogenicity of different strains tested, suggesting that there was significant differentiation in pathogenicity among the isolates of S. sclerotiorum on oilseed rape in Anhui Province, China. This provides experimental evidence and useful reference data for the reasonable use of disease-resistant varieties of rape for disease control.
Some molecular studies have been performed to identify genetic polymorphisms of S. sclerotiorum, and highly significant genetic variation was found among and within populations. With RAPD, Sun et al. (2005) compared and evaluated the polymorphism of S. sclerotiorum populations on rape from China, Poland, and Russia. The polymorphism of strains from China showed a high level of genetic diversity, while the polymorphism of strains from Europe showed a low level of genetic diversity. The polymorphism of a small set of S. sclerotiorum isolates from sunflower in China was analyzed by RAPD, and isolates were divided into 5 groups (Yu et al., 2006) . The genetic variation of S. sclerotiorum isolates in Turkey was assessed by microsatellite and morphological markers, and a genotypic diversity level of 63% within the fungal population was found (Mert-Türk et al., 2007) . In 2009, SRAP was used to analyze the polymorphism of S. sclerotiorum isolates from sunflower in Canada and Inner Mongolia, China. A high degree of genetic diversity existed within and among the S. sclerotiorum populations .
In this study, the 14 populations from rape cultivation areas in Anhui Province, China, were divided into 7 clusters by UPGMA analysis of ISSR markers when the genetic similarity coefficient was 0.81. Although strains were from the same S. sclerotiorum population, they were not always clustered into the same group, especially the isolates of population 9 (NGA19) from Ningguo, which formed a population that was significantly differentiated from other populations. Perhaps this differentiation was the result of a genetic mutation or the region was invaded and attacked by a different S. sclerotiorum strain. Consequently, the genetic polymorphisms of the S. sclerotiorum strains were not correlated with the geographical origin. Sun (2005) reported that the geographic distance between Canadian and Polish populations of S. sclerotiorum was large, but the relationship between them was very close. The results showed that isolates 22 (XJDB8) from Jingde and 27 (SX-6) from Shouxian were clustered in the same lineage without differentiation. Though the geographic distance was large, they had the same strong pathogenicity. The strains of 31 (LJE-1-3) and 45 (NL-1), and 37 (WWB8) and 42 (XC-1) were from different origins, but they were grouped together, respectively, possibly because both populations were near in geographic distance or had the same strong pathogenicity.
The analysis of the diversity and pathogenicity of S. sclerotiorum populations showed that genetically diverse populations of S. sclerotiorum caused the epidemic of oilseed rape stem rot in Anhui Province, China. Regardless of geographic location, the strains were clustered in groups by similar pathogenicity. Therefore, one of the most effective measures of dis-ease control should be the use of resistant cultivars. In this study, potential diagnostic markers on the genetic basis of pathogenicity are highlighted, and additional insights into the molecular evolution of rape pathogens are provided. To our knowledge, this is the first time that ISSR markers have been used to determine the genetic diversity of S. sclerotiorum, which has not been studied as much as other plant pathogens.
The results in this study will contribute to the understanding of the diseases caused by S. sclerotiorum and also serve as a baseline of information for monitoring S. sclerotiorum population evolution in Anhui, China.
